Summary An effort was made to differentiate indeterminate (IND) leprosy from other types of the paucibacillary (PB) group of leprosy and to identify among indeterminate leprosy cases those which may evolve to multi bacillary (MB) leprosy, using serological, immunological and histochemical parameters. A total of 92 untreated, histologically classified (TT-19, BT -30, IND-32) patients, including II cases diagnosed as nonspecific dermatitis (NSD), which were clinically strongly suspected to be leprotic, were screened for antibodies against PGL-I, 35-kDa and LAM antigens. Lepromin tests and antigen demonstration in tissue by indirect immunoperoxidase staining were also carried out. Though a qualitative analysis did not differentiate, a quantitative analysis in terms of a cumulative index (CI) showed a higher antibody level amongst the indeterminate group of patients than the other groups included in PB leprosy. Also, the lepromin negative indeterminate group patients showed a higher CI than the lepromin positive cases, indicating that perhaps these may be the cases which may develop into MB leprosy. Thus, the semiquantification of antibody levels in the form of a CI may be a useful parameter to predict the possible evolution of a given case of indeterminate leprosy. Interestingly 64% of NSD cases had either antigen or antibody which indicated that they were probably cases of leprosy.
Indeterminate leprosy, a clinical entity, diagnosed in conjunction with histological and bacteriological investigations, is an early and unstable form of leprosy. Its histopatho logical picture is that of a simple, nonspecific inflammation involving the nerve with or without acid-fast bacilli (AFB) in the nerve or in the subepidermal zone or in the arrectores pilorum muscles. The lesions of indeterminate leprosy may undergo sponta neous healing or remain unchanged for many years. They may also change to one of the more stable types of clinical leprosy, I which can be histologically confirmed by demonstrating either epithelioid cell granuloma or macrophage ganuloma loaded with bacilli. 2 Though classified under the paucibacillary (PB) group ofleprosy for the purpose of managment, indeterminate leprosy (IND), thus, can potentially downgrade into the multi bacillary (MB) group of leprosy. Efforts to identify parameters which can predict the evolution of a case of indeterminate leprosy have been made earlier and certain clinical, immunological and histopathological parameters have been identified. 3 -s In the present study, we have attempted to differentiate cases of indeterminate leprosy from other types of PB leprosy, and to identify amongst them the ones which may develop into MB leprosy, using serological, immunological and histochemical parameters.
Materials and methods
A total of 92 untreated cases of clinically diagnosed leprosy attending the Central Leprosy Teaching and Research Institute (CL T & RI) outpatient department were included in the study. Histopathologically, they were tuberculoid (TT-19), borderline tuberculoid (BT-30) and indeterminate (IND-32) types. In addition, there were 11 cases which were histopathologically diagnosed as nonspecific dermatitis (NSD) but were strongly suspected to be clinical cases of leprosy and were included in the study.
Sera from all the patients were collected and stored at _20DC for antibody assays. Sections fr om skin biopsy of the lesions stained by haematoxylin and eosin and Fite Faraco methods were examined. Histochemical studies were carried out by immunoper oxidase staining of the tissue sections. A routine slit-skin smear examination from 6 sites, such as both earlobes, extensor aspect of arms and thighs, including representative active skin lesions, was made to assess the bacteriological index (BI).
Antibody assays
All the sera were screened for antiphenolicglycolipid-I (anti PGL-I), antilipoarabino mann an (anti-LAM) and anti-35 kDa antibodies.
ANTIPGL-I ASSAY
IgM antiPGL-I antibodies were measured by using the procedure reported earlier. 9 Briefly, D-BSA supplied by IMMLEP-WHO, was coated in duplicate in a 96-well flat bottom microtitre plate (Dynatec Micro-ELISA System, Germany). Sera (1 : 300 diluted) were added to both antigen and BSA coated wells. After incubation antihuman IgM peroxidase conjugate (DAKOPATTS, Denmark) was added (1 : 2000 diluted), colour was developed with o-phenylenediamine (SIGMA, USA) with H 2 0 2 . Reaction was stopped with 5 NH 2 S0 4 . The plates were read at 492 nm in an ELISA reader. Samples with a difference in the mean absorbance between the antigen and BSA coated wells equal to or more than 0·200 OD were considered positive.
SERU M ANTIBODY COMPETITION TEST-ELISA (SACT-E)
Antibody to the My cobacterium leprae specific 35 kDa protein was detected as reported earlier.
IO Briefly, M. leprae soluble extract 10 {Lg/ml (kindly supplied by R. J. W. Rees, IMMLEP M. lepra Bank) in PBS was coated in a microtitre plate (Immulon, M129 B Dynatec). Sera in lO-fold dilutions of 1 : 10, I : 100 and 1 : 1000 were added in duplicate and incubated for I hr. After removing sera, appropriately diluted peroxidase conju gated ML-04 monoclonal antibody (kindly supplied by J. Ivanyi, MRC, the Royal Postgraduate Medical School, London) was added and incubated for 2 hr. After washing, colour was developed with o-phenylenediamine substrate solution. The reaction was stopped with 5NH2S0 4 and a reading was taken at 492 nm in an ELISA reader. The dilution of the sera causing 50% inhibition of binding of ML-04 to the antigen (ID 5 0 ) was calculated. Samples with ID 5 0 titres equal to or more than 10 were considered to be SACT-E positive.
ANTI LAM ELISA
IgG antiLAM antibodies were measured as reported earlier.
tuberculosis H37Ra (kindly supplied by D. Chatterjee, Colorado State University, Fort Collins, Colorada, USA) was coated at I {Lg/ml. Control wells were coated with buffer. Sera (I : 1000 diluted) were added to all the wells. After incubation antihuman IgG (I : 6000 diluted) was added, then o-phenylenediamine and H202 were added as a substrate solution. The reaction was stopped and plates were read at 492 nm. Samples with a difference in the mean absorbance between the antigen and control wells equal to or more than 0·500 OD were considered positive.
Antigen detection
Antigen detection in the sections from paraffin blocks was done by indirect immuno peroxidase staining.
RAI SING OF ANTIMLSE ANTIBODY
Rabbits were immunized with M. leprae soluble extract (MLSE), using a standard protocol. II The serum immunoglobulins were concentrated by ammonium sulphate precipitation and fo llowed by extensive dialysis. This polyvalent antibody was used as primary antibody in immunoperoxidase staining.
IMMUNOPEROXIDASE STA INING
Indirect immunoperoxidase staining was done using a standard procedure. 1 2 Briefly, after deparaffinization and quenching with H202, the slides were blocked with 1: 10 diluted normal swine serum. After incubation for 10 min, primary antibody (antiMLSE, 1: 200 diluted) was added to the sections. After a fu rther I-h incubation, antirabbit IgG peroxidase conjugate (DAKOPATTS, Denmark; 1: 100 diluted) was added. After washing with PBS, diaminobenzidine containing 0·02% H202 was used for colour development. After washing in water, the slides were counterstained with Harris haematoxylin, dried and mounted in DPX. Microscopially antigen appeared as a brown precipitate, within or outside the granuloma. Normal rabbit serum as primary antibody was used in controls. 
Lepromin test
Lepromin testing was done using Mitsuda lepromin (kindly supplied by M. J. Colston, MRC, National Institute for Medical Research, London). Early and late readings were taken after 48 hr and 21 days, respectively.
Statistical analysis
All descriptive and statistical analyses were carried out using SPSSjPC + and EPI-INFO software packages. The statistical significance between different groups was detected using the Chi-squared test, and Fischer's exact test was used where the expected value was less than 5. The significance of the cumulative index (el) was determined by using Student I-two tailed tests. The probability value of < 0·05 was considered to be significant. The data represented in Figure 1 are composed of rectangles with numbers of patients and CI.
Result ANTIBODY ASSAY (TABLE I) Analysis of positivity for individual antibodies (namely, antiPGL, antiLAM and anti35 kDa) showed that there was a significant difference between IND and TT only (p < 0·05; for antiLAM, p value could not be calculated for antiPGL and anti35 kDA since no case of TT was positive for both the antibodies) and not between IND and BT or NSD (p > 0·05). The analysis of positivity for any of three antibodies (namely antiPGLjantiLAMjanti35 kDa) also revealed a significant difference only between IND and TT (p < 0·05) and not between IND and others (p > 0·05). 
ANTIGEN DETECTION (TABLE I)
There was no significant difference in the positivity for antigen by immunoperoxidase staining amongst the different groups (IND-63%, TT-32%, BT-67%, NSD-46%) (p > 0'05).
ANTIBODY WITH ANTIGEN (TABLE I)
When positivity for any of the 3 antibodies and for antigen was analysed, a significant difference was observed only between IND and TT groups (p < 0·05), but not between IND and other groups (p > 0'05).
LEPROMIN TEST (TABLE I)
Lepromin negativity was observed significantly more amongst the IND group than the TT and BT groups (p < 0'05). But there was no difference between IND and NSD groups (p > 0'05).
CUMULATIVE INDEX (TABLE I)
An attempt was made to semiquantify the antibody levels by grading the OD/titre of the 3 antibodies. The absence of the antibody was graded O. The different antibodies when present were graded as follows, considering the cut-off, frequency and highest OD/titre recorded for each antibody and as far as possible with equal class interval: antiPGL-I antibody, grade } = 0·200 to 00400, grade 2 => 0·400 to 0'600, grade 3 = > 0·600 to 0'800, grade 4 = > 0·800 to 1'00; antiLAM antibody, grade 1 = 0·500 to 0'700, grade 2 = > 0·700 to 0'900, grade 3 => 0·900 to 1'}0, grade 4 = > 1·} to 1'3; anti35 kDa antibody, grade 1 = 10 to 100, grade 2 => 100 to 500, grade 3 => 500 to 1000, grade 4 => 1000. The grades of different antibodies of an individual patient were cumulated and referred to as CI for the given patient. Analysis of CI amongst the different groups revealed that cases in the IND group had significantly higher CI than cases in the other groups of PB leprosy (p < 0·05). Thus, though no significant difference was observed in terms of positivity for different antibodies individually or in combination between the IND and other groups (except TT), a significant difference was observed in terms of quantification-antibody levels being higher in the IND cases.
In the light of these findings, fu rther analysis was made to find the difference, if any, between lepromin positive and lepromin negative groups of cases of IND leprosy. Amongst IND leprosy, 21 cases (70%) were lepromin negative and 9 cases (30%) were lepromin positive ( Table 2 ). Analysis of the positivity for individual antibodies or combination of antibodies and also the positivity for antigen did not reveal any significant difference between lepromin positive and negative groups (p > 0'05), whereas, analysis of CI revealed a highly significant difference between the lepromin positive and negative groups (p < 0'05), being higher in the lepromin negative group (Figure 1 ).
Discussion
It is well known that indeterminate leprosy is an unstable clinical entity, which can progress either to the tuberculoid or lepromatous fo rm. Few studies have attempted to search for some clinical, immunological and histopathological parameters which can predict the probable course of a case of indeterminate leprosy. 3 -8 Studies on serological responses of leprosy patients to M. leprae specific (PGL, 35 kDa) and mycobacteria specific (LAM) antigens have shown uniformly higher responses in the MB group of patients than in the PB groups. I 3 -1 5 Amongst the PB group an apparently higher response to these antigen was observed in the indeterminate group. ID Using these antibody assays as well as antigen detection by the immunoperoxidase staining method, an attempt was made to differentiate the indeterminate type from other forms of the PB group and to identify amongst the indeterminate group those who may develop into the LL form of leprosy.
The number of patients serologically responding to different antigens was compar able in all groups except in the TT group where significantly fewer responded. It has already been shown that the sensitivity of these individual antibody assays is too low to be of practical value and it is possible to increase the sensitivity without loss of specificity by using these assays in combinations. lo Even such an analysis in this study showed a comparable increase in the sensitivity for all groups except in the TT group which was again significantly lower than the IND group. Antigen by immunoperoxidase staining was demonstrable in comparable numbers of cases in different groups including the TT group. The CI, which quantifies the antibody levels, revealed that the indeterminate group of patients had significantly higher antibody levels than other groups when qualitative analysis did not differentiate the indeterminate group from others. A positive Mitsuda skin reaction amongst the indeterminate group is known to indicate the probable evolution of the case towards the TT pole 3 , 4 and similarly a negative reaction towards the LL pole of leprosy. ? In our study, a significantly higher number of indeterminate patients was fo und to be negative to lepromin. In both lepromin positive and negative patients of this group, the results of different antibody assays, both individually and in combination were comparable, and antigen was demonstrable equally in both the groups. But quantification in terms of CI showed significantly higher antibody levels amongst the lepromin negative group.
Earlier studies have shown that the lepromin negative indeterminate group can potentially progress to LL. ? Flies et al. 6 identified certain CMI parameters, which when altered denoted downgrading of a lepromin negative indeterminate case towards the LL pole. 6 A marked dermal nerve involvement in conjunction with bacteriological and immunohistochemical markers of low resistance to infection were indicative of a probable early downgrading of the disease and these parameters could be semiquanti fied into an �3 index, where an �3 index => 6 detected cases evolving to MB leprosy. 8 Our study identified higher antibody levels in terms of CI amongst indeterminate than other PB groups. Amongst the indeterminate group lepromin negative cases had higher CI. This may be the group which will downgrade to the LL form of leprosy. Further study on these lines may be more enlightening.
In our study, antigen was demonstrable equally in all the groups though all of them were PB leprosy and were negative for AFB both in skin smear and in tissue sections. This observation emphasizes the higher sensitivity of the immunoperoxidase staining method in demonstrating the presence of pathogen in the lesions. 8 We histopathologically diagnosed as nonspecific dermatitis 11 of the cases included in the study, which had been strongly clinically suspected of leprosy. However, 64% of this group had any of three antibodies or the antigen by immunoperoxidase staining which was comparable with the indeterminate group. Even the quantification of antibody was comparable with that of indeterminate leprosy. Hence it may be stated that though they are NSD by histopathological examination, perhaps they are leprosy cases. A search for the antigen in the tissue or for the antibody in sera amongst histopathologically diagnosed NSDs, may be a useful supplement to the clinical diagnosis. Further indepth study is required to confirm this observation. These are the cases, which are probably indeterminate leprosy, but may be histologically too indefinite to be branded so. Thus when indeterminate leprosy is diagnosed and fo und to be lepromin negative with higher antibody levels, close fo llow up will be necessary during treatment and surveillance, as these cases may subsequently develop MB leprosy. The semiquantification of antibody levels in terms of the cumulative index (CI) would be a useful parameter to predict the evolution of a given case of indeterminate leprosy.
